Impacts of fuzzy front end (FFE) 
Introduction
The fuzzy front end (FFE), is considered the first stage of a new product development (NPD) process and roughly covers the period from the generation of an idea to its approval for development, or its termination [1] . A simplified model of a product development process is shown in figure 1. The "fuzzy front end" activities are also called "pre-development activities" in literature. 'The greatest differences between winners and losers were found in the quality of execution of pre-development activities' [3] . Works in literature have revealed a direct positive impact of FFE activities on NPD project success in Japanese firms [4, 5] .
Considering dynamic changes in the global economy in recent years we aimed to revise the impact of FFE activities in NPD projects in Japanese firms and analyse the similarities and differences of the NPD process strategies of Japanese companies in the 1980s (successful period) and the 2000s. We compared data collected in 2003, where the analysis of product success in the market took from 10 to 15 years, the time period which refers to the late 1980s a successful period of Japanese manufacturing firms, and data collected in 2014 which refers to the late 2000s. Furthermore, by comparing the FFE activities of the NPD process in Japanese manufacturing firms in two different periods, we aimed to clarify the factors which contribute to competitive advantages held by Japanese manufacturing companies. In order to gain insight into the FFE activities, we suggest a conceptual model and test it with structural equation modeling (SEM).
The paper is organized as follows. After this brief introduction (Section 1), we describe our conceptual model, and provide more details about our hypotheses and measures to test our conceptual model in Section 2. Section 3 describes our research method. Section 4 includes results and discussion, and the conclusion is made in Section 5. 
Conceptual model and hypotheses
The framework of this research is based on recent works in literature on NPD. The sole influence of front-end activities on market success becomes difficult to measure because of the noise produced on the way from one phase to another towards the NPD success [6] . We adopted approach [7] where we analysed the direct impact of the FFE phase as well as the impact of other phases on NPD project success. For the sake of comparative study the FFE factors were adopted [7] without any change. FFE factors are: 'reduction of market uncertainty' (knowledge about: customers' needs, wants and specifications, customer requirements, size of potential market, price sensitivity, unique selling propositions and competitors), 'reduction of technical uncertainty' (well-understood technology, product's specifications, technical requirements, technical feasibility and anticipation of technical problems), and 'intensity of (initial) planning' (breaking the project into work packages, timings, resource allocation, a detailed cost plan and assignment of responsibilities of team members).
Deviations from specifications and communication were considered as project execution phase factors [7] . This approach was adopted excluding a communication factor for the sake of comparative study, taking into consideration that the data collected in 2003 did not include specific questions. Seven items under project execution phase were assigned to two factors 'deviation from specifications' (emergence of new elements, meeting up with surprises and unforeseen findings, deviations from planned procedures, and formation of new concept definitions) and 'project revision' (changes in technical concepts, changes in project objectives, and absence of design iterations) using a simulation method.
Figure 2
The product development process Source: Own depiction Two factors differ greatly in terms of degree of changes. 'Project revision' refers to more dramatic changes and could lead to revision of the whole project while the 'deviations from specifications' factor refers to unavoidable changes that are necessary to adapt to requirements determined by dynamic environmental changes.
In the model proposed, success measures are adopted [4] , where two factors for NPD project success were used: 'efficiency' (degree of agreement between financial and personnel resources planned during the FFE and those actually required, and the accordance with milestones) and 'effectiveness' (meeting profit targets, sales volume targets, market share targets, customer satisfaction and competitive advantage achieved). 'Effectiveness' as explained by consisting of a mostly effective project was not considered to be a measure of NPD project success, instead 'overall satisfaction' was considered [7] . Data considered in this paper consisted of both effective and not effective projects thus required us to consider effectiveness as a project success measure.
Works in literature suggest that thorough predevelopment activities result in less deviation from specifications and have a positive effect on project success [4, 7, 8, and 9] . Thus we propose:
Hypotheses group 1: Thorough reduction of market uncertainty activities results in: NPD project success and less change in project execution (hypotheses 1 to 4).
Considering the impact of 'reduction of technical uncertainty' activities on project success and the project execution phase mentioned in works in literature [4, 7, 9, 10] "Initial planning drafts the process from development to product launch" [7] . Planning activities prior to development is considered to be one of the most important activities affecting project success [4, 7, 8, and 9] . We propose:
Hypotheses group 3: Thorough initial planning has:
positive effects on FFE factors, NPD project success and less changes in project execution (hypotheses 9 to 14).
In order to adapt to requirements, changes may be necessary during project execution, however, they should be kept to a minimum [9] .
While the relationship between 'goal changes' and 'plan changes' is considered to be a one way relationship [9] , the two project execution factors in our model are proposed to be interrelated.
The positive impact of efficiency on effectiveness of the NPD process for Japanese firms was shown [4] . Eleven items were used to describe the degree of newness [4] . We realized that some of the items could contradict each other and proposed analysis of the items under different categories. Thus the degree of newness was analysed under three categories: 'degree of marketing newness' (difference in target market, distribution channels, and advertisement of new product), 'degree of technical newness' (difference in technical components, product lines, processes and knowledge required) and 'degree of organizational newness' (difference in cooperate strategy, necessity for organizational changes, requirements of different competencies and skills, and difference in capital needed). The allocation of the items was performed using a simulation method.
Hypotheses group 5: High degree of newness results in: more challenges for FFE activities; more changes in project execution; higher possibility of project failure (hypotheses 21 to 43).

Research method
Data collection policy and procedure in Japanese firms in 2003 and 2014
In this paper, we have considered data from Japanese manufacturing firms collected in 2003 (540 usable samples out of 555 respondents with a response rate of 27.75%) that refers to late the 1980s, and data collected in 2014 (160 usable samples out of 163 respondents with a response rate of 16.3%) that refers to the late 2000s. Thus, the results of comparative analysis were supposed to reveal changes in strategies of the NPD process in Japanese manufacturing firms in a timeline. Two corporate databases were used for the data collection procedure of the both periods, the Japan Productivity Center (JPC) and the NIKKEI Almanac of Small and Medium-Sized Companies. Interviewees were asked to consider the development of the last product brought to market.
The 7-point Likert-type scales ranging from 1=strongly disagree to 7=strongly agree and 1=objectives not achieved to 7=objectives exceeded was used.
Research method
Taking into consideration the suggestion that the PLS-SEM should be used over the CB-SEM in the institutions where the theory is less developed and the primary objective of applying structural modeling is prediction and explanation of target constructs [11] , the SmartPLS 2.0 (Structural equation modelling: SEM) statistical software package, was used to analyse the data. Usage of the PLS-SEM over the CB-SEM had several benefits in terms of data size, distribution and algorithm properties. Missing data was treated using a group average method [11] .
Results and discussion
Model testing results
Measurement validation was checked. A common measure to establish convergent validity on the construct level -average variance extracted (AVE) and communality, internal consistency reliabilityCronbach's alpha and composite reliability. The threshold requirements were met by almost each of the constructs [11] , Table 1 .
The bootstrap procedure was used to obtain tstatistics in order to evaluate the significance of the parameters [12] . 
FFE (hypotheses 1-14, 20)
The main purpose of our study was the revision of the impact of FFE activities in Japanese firms. The positive effect of reduction of market and technical uncertainties activities on efficiency are significant based on data from Japanese firms in the 1980s (hypotheses 1 & 5) . A possible explanation could be the stability of the market in the 1980s. It was the main contributor to the introduction of fewer changes in the development process that led to reaching planned milestones, thus having a positive effect on the reduction of the market and technical uncertainties on efficiency.
The positive effect of reduction of market uncertainty on effectiveness can be noticed in both periods as expected, highlighting the similar tendency of effect of FFE activities on project success (hypothesis 2) in the 1980s and the 2000s.
Contrary to expectations, the effect of reduction of market uncertainty on deviations from specifications is positive for data from the 1980s (hypothesis 3). A possible explanation could be the flexibility of the management team which allowed for changes in the project execution phase. Thus we could conclude that Japanese firms allowed for flexibility in the 1980s.
A significant level of negative effects of the reduction of technical uncertainty on deviations from specifications and project revision, can be noticed only for Japanese firms in the 1980s (hypotheses 7 & 8). A possible explanation could be the stability of the market in 1980s which led to fewer changes in the project execution phase, thus highlighting expected negative effect of the reduction of technical uncertainty on changes in the project execution phase.
Results suggest that FFE activities are significantly interrelated. Intensive initial planning had positive effects on the reduction of market and technical 
Project execution (hypotheses 15-19)
As we mentioned before, in order to conduct a comparative study with data collected in 2003, the same questionnaire was used in 2014. The content remained unchanged; however, we changed the allocation of the questions -the grouping of the questions was changed, thus it clearly explains the level of significance of the relationship between deviations from specifications and project revision factors based on data from the 1980s and the 2000s (hypothesis 15). The model was compiled two times, once with the effect of deviations from specifications on project revision factors, and vice versa the second time. The work confirmed that the factors are interrelated.
There was an increase in the level of significance of negative effect of deviations from specifications on efficiency (hypothesis 16) based on data from the 2000s compared to the 1980s. This is possibly because Japanese firms tended to allow for less flexibility with their projects in the 2000s than they used to in the 1980s. Moreover, contrary to expectations a positive effect of deviations from specifications on effectiveness can be noticed based on data from the 1980s (hypothesis 17). Possibly it confirms our statement that Japanese firms tended to allow for more flexibility in the 1980s where the introduction of deviations from specifications to initial plans in order to adapt to external circumstances in the project execution phase had positive effects on the effectiveness of the NPD process.
As expected, negative effect of project revision on efficiency and effectiveness of the NPD process was confirmed based on data from the 1980s (hypotheses 18 & 19). Once again we would like to emphasise that the project revision refers to more dramatic changes to the NPD process with respect to deviations from specifications. And the results highlight the negative effect of project revision on the NPD process.
Contextual factors (hypotheses 21-43)
Results suggest to us that contextual factors are strongly interrelated. Degree of organizational newness has a strong positive effect on degree of market and technical newness in both periods (hypothesis 21 & 22).
The significance of the level of the negative relationship between the degree of marketing newness and the reduction of market uncertainty factors reduced (hypothesis 23), underlining the decrease in the reduction of market uncertainty activities in the FFE phase in the 2000s compared to the 1980s.
Effect of degree of marketing newness on initial planning shows a similar negative trend in both periods, with variation of intensity. ( Positive effect of degree of organizational newness on initial planning (hypothesis 27) could be explained by the introduction of new competencies and skills to NPD projects in the 1980s that led to an increase of performance in initial planning.
A possible explanation of the positive effect of degree of technical newness on initial planning (hypothesis 28) based on data from the 2000s could be the introduction of new production processes that makes initial planning activities easier.
The reduction of the negative effect of the degree of technical newness on the reduction of technical uncertainty can be noticed (hypothesis 31). A probable explanation could be: reduction of technical uncertainty activities were reduced and they were not affected by changes in degree of technical newness in the 2000s compared to the 1980s.
Contrary to expectations, degree of marketing newness of NPD projects of Japanese firms led to a decrease in the amount of deviations from specifications and an increase in project failures for Japanese firms in the 2000s (hypotheses 32 & 35) .
Decrease in positive effect of degree of organizational newness of the NPD process on deviations from specifications (hypothesis 33) can be noticed. A possible explanation could be the decrease in the involvement of different competencies and skills for most of the employees, and the involvement of less capital in the 2000s compared to the 1980s.
An increase in degree of technical newness of Japanese firms in the 2000s compared to the1980s led to an increase in project failures i.e. increase in degree of technical newness decreased the negative effect of degree of technical newness on project revision in the 2000s compared to the 1980s (hypothesis 37).
Increase in degree of market newness led to an increase in efficiency of NPD projects for Japanese firms in the 1980s (hypothesis 38), while this effect cannot be noticed in data from the 2000s. Taking into consideration the stability of the economical world in Negative effect of degree of organizational newness on efficiency (hypothesis 39) can be explained by involvement of more capital (resources) which at the same time had positive effects on effectiveness (hypothesis 42) for Japanese firms in the 1980s.
Positive effect of degree of technical newness on effectiveness is an unexpected result based on data from the 2000s (hypothesis 43). A possible explanation could be the decrease of negative effect of degree of newness on effectiveness which happened as a result of increase of degree of technical newness in the 2000s compared to the 1980s.
Conclusion
In this study a comparative study was employed for the revision of the impacts of FFE activities on the NPD project success of Japanese firms in stable economic conditions (1980s -a successful period) and a rapidly changing economic world (2000s). The following conclusions can be drawn from the SEM analysis:
In both periods, the direct effect of reduction of market uncertainty on effectiveness is strong. It emphasises the importance of focusing on reduction of market uncertainties for effectiveness of a NPD project, regardless of economic circumstances. Furthermore, direct effect of initial planning on efficiency is strong in both periods. It emphasises the importance of focusing on initial planning for efficiency of a NPD project regardless of economic circumstances. However we have noticed some decline in predevelopment activities in the 2000s compared to the 1980s which has surely had a negative effect on NPD project success as a whole.
The results suggest that Japanese firms decreased involvement of different competencies and skills for most of the employees and involved less capital increase in the 2000s compared to the 1980s.
Moreover, the results suggest that Japanese firms tended to allow for more flexibility to initial plans in the project execution phase in the 1980s compared to the 2000s; considering rapid changes in the economic world in the 2000s, the conservative approach to changes in initial plans and the inability to adapt to requirements determined by dynamic environmental changes, could possibly explain why manufacturing brands from other nations have replaced Japanese firms on the world market in recent years.
